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INTRODUCTION 

The purpose of this  final report is  to document all technical work accom- 
plished and information gained in performance of contract F30602-74C-0113.     It 
should be noted that a recent contract modification reducing the scope of 
activity has  resulted in a less  voluminous report because several tasks, dis- 
cussed later,  have been deleted. 

This contract required  three deliverable  items: 

1.       1/10 scale model of P72-2 with attached payloads RM-20A and 
RM-20B. 

2. Thermal signature analysis of P72-2 and attached payloads. 

3. F*^l report. 

]'tam 1 (the model) and documentation was delivered to LMSC May 2, 1974 
.tad will be the first topic of discussion in this report. 

Item 2, modified as required because of contract reduction in scope, is 
the second part of this final report. 

Item 3 is compiied of this document and appendices in their entirety. 

■iiinn   [ - ■ ■"   --   
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The 1/10 scale model was fabricated primarily from wood with adhesive 
ap ilcatlon of surface cohering materials identical to those applied to the 
full scale spacecraft,  actual solar cells were also installed on the model 
in order to accurately reproduce their unique spectral reflectance charac- 
teristics.  This was also the case for mirror reflectors. 

No major problems were encountered and the technical adequacy of the 
model Is acceptable according to Lockheed Missl e & Space Co. where the 
model was used. 

The thenral model, developed to predict spacecraft and payload surface 
temperatures in orbit was never jlly exercised because of a reduction in 
scope of the contractual activity.  No major problems were encountered and the 
computer model is presently updated and complete to provide surface S/C temp- 
eratures including payload effects. 

Indications are that in general sun lit orbit steady state temperatures 
'.average temperature during an orbit) will be similar to transient surface 
temperatures. However, during eclipse periods, temperature excursior' are 
large and transient temceratur« data is significant. 

MODEL DESCRIPTION 

The model is a wooden mock-up 1/10 scale of the P72-2 spacecraft surface 
including the RM-20B radiator and the RM-20A experiment in deployed position 
but capable of articulation, by hand, around three orthogonally located axes 
(stowed position is excluded). 

Model construction design considered the factors of a 10 inch object 
surface teletcope resolution and its affect on required detail including 
"glint", checkerboard patterns, first versus second surface mirrors and solar 
cell and cover glass surface simulation. 

As a result, all large flat area mirror mosaics are simulated by full 
size S/C mirrors trinmed as required to maintain accurate model geometry, and 
solar cell surfaces are covered with actual S/C solar cell elements.  Certain 
tubular structures (open network areas) are easier to simulate by the plane 
surface which they define.  However, shadowing imagery would be inaccurate 
and therefore such structures were duplicated as the open pattern structural 
members, scaled as required to maintain structural integrity. 

Tapped hole mounting« positioned as requested by LMSC and located such 
that they do not interfere with star light shadowing or visual obstrvation 
were provided including a model mounting fixture bar.  In addition, adhesive 
backed cover disks of appropriate material were supplied for application over 
unused mounting holes, thus providing apparent surface continuity. 

As a result of the considerations listed above, the model was fabricated 
using the same surface materials used in the actual spacecraft and associated 
payloads.  In areas of two color stripes or checkerboard patterns, the total 
area ratio of each color was maintained.  Thus integrated reflectivity values 
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are correctly duplicated.  In several Instances, a covering material substi- 
tution was mai'e by applying a thinner sheet of material.  However, the 
reflective coating is the same and therefore the reflective signature is 
unchanged. 

Appendix A tabulates the reflective surface materials used and their 
characteristics.  Sequential pages identify where each material is applied 
and presents solar cell reflectance characteristics as well as requirements 
placed on LMSC for mirror element supply and installation. 

The model was inspected at Rockwell International Space Division May 1, 
1974 and hand carried to LMSC May 2, 1974.  (Several surface mirror elements 
previously supplied and iistalled by LföC personnel had developed black specks 
and these were replaced by LMSC after model delivery to their facility.) 

Additional information supplied after uodel delivery included a predic- 
tion of sun angle dynamics, necessary to enable LMSC to illuminate and 
photograph the S/C with typical angular orientation conditions encountered 
during orbital use.  (This data is documented in Appendix B.)  Also included 
was orbit trace data for a typical operational situation over selected ground 
scations (see Appendix C). 

Since no formal drawings were generated or required, a RADC request of 
several drawings adequate to permit determination of external dimensions of 
the S/C was satisfied by supplying full scale S/C drawings. 

THERMAL SIGNATURE A.4ALYSIS 

The thermal signature analysis which was to include P72-2 Spacecraft 
and Payload surface temperatures (steady state and transient) at selected 
times in orbit, was reduced in scope eliminating the requirement for data 
covered in the SOW paragraphs 4.2.1 - 4.2.4. However, the thermal math model 
(TMM), was updated, as required by the SOW to include the RM-20A and RM-20B 
payloads. 

A preliminary thermal prediction run designed to predict F72-2 spacecraft 
temperatures in a sunlight orbit with and without internal power was 
generated and submitted to Dr. J. Bick of General Research Corporation 

on May 1, 1974.  This data was to be used predominately for data format and 
indication of S/C power influence on sppcecraf': temperatures. 

THERMAL MODEL DESCRIPTION 

The detailed spacecraft TMM used in generating spacecraft surface temp- 
erature distributions was developed during the P72-2 program and was calibrated 
to vehicle performance at the IST-3 Thermal Vacuum Test.  This TMM consists 
of approximately 400 nodes and 2000 conductors and was set up for use with the 
Rockwell The-mal Analyzer computer program. A listing of the TMM is included 
as Appendix D.  The general Spacecraft TMM nodal pattern is shown in Figure 1. 
The spacecraft cylinder is essentially divided into twelve circumferential 





parts (^0 segments) and various lengths axlally.  The bulkheads are divided 
into 60 pie-shaped segments as shown.  Figures 2 and 3 depict the thermal 
structural networks for the cylinder, bulkheads and the longerons. The 
longerons consist of a triad of aluminum honeycomb equipment shelves which 
radially tie the spacecraft center cylinder (14 in. diameter) to the circum- 
ferential skins at 120 degree Intervals. 

The TMM/Thermal Analyzer computer program accommodates the following 
input data: 

1.  Surface Themophysical and Radiative Properties 

I 

Mass, specific heat, surface area, solar absorbtivity 
emissivity are applied to each spacecraft and payload 
Table 1 is a table which sunoarizes the important exte 
craft and payload surfaces. Shown are, TMM node numbe 
cation, surface area, solar absorbtivity (a), infrared 
(c), and two angles ((^,3) which describe the surface o 
with respect to the spacecraft coordinate system. The 
spacecraft coatings consist mainly of S13G white paint 
reflective teflon coated aluminum and silver tapes. 

Internal Heat Generation and Heat Transfer 

and infrared 
surface node, 
mal space- 
r, identifi- 
enilssivity 
rientation 
ex er. ^1 
and solar 

Each internally mounted spacecraft or payload electronic box is 
represented by one to 15 nodes. Heat generation is applied in the 
form of curve lookup as a function of time.  The TMM listing. 
Appendix E, represents a quiescent power profile which is repre- 
sentative during a majority of the on-orbit operation time. The 
external surface temperatures are more dependent upon the orbital 
environment. 

The five pair of circumferential isothermaiizer heat pipes, which 
distribute absorbed solar heat around the spacecraft skin, are 
included on an individual basis into the TMM. 

The major mode of heat transfer is conduction through the aluminum 
structure. Internal radiation was included between the longerons, 
bulkheads and vehicle skin. 

3.  P72-2 Environmental Heating 

The orbital parameters of the P72-2 mission, including launch data, 
altitude, inclination, degrees west longitude from the dusk termin- 
ator, etc., are used by the computer program as ephemerls data. 
Environmental heat loads, including direct solar, earth emission, 
and earth reflected solar (albedo) heat loads incident upon the 
spacecraft, are computed with the use of the Rockwell Space Vehicle 
Thermal Bivironment Program.  Each major surface node hau its own 
curve lookup (function of time in orbit depending on surface orien- 
tation.  (Shadowing has been accounted for where appropriate.) 

--- 
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Table 1 

Spacecraft and Payload Surface Description 

TMM 
Node No, 

91 
92 
93 
94 

101 
102 
103 
104 
105 
106 
107 
108 
109 
191 
192 
193 
194 
201 
202 
203 
204 
205 
206 
207 
208 
209 
291 
292 
293 
294 
301 
302 
303 
304 
305 
306 
307 
308 
309 
391 
392 
393 
394 

Surface Description  

Solar Array-Fwd Bkd Interface 
Solar Array-Fwd Bkd Interface 
Solar Array-Fwd Bkd Interface 
Solar Array-Fwd Bkd Interface 
Solar Array 
Solar Array 
Solar Array 
Solar Array/+Y Access Panel 
+Y Access Panel 
Ground Plane 
Ground Plane 
Ground Plane 
-Y Access Panel 
Solar Array Extension-Fwd 
Solar Array Extension-Fwd 
Solar Array Extension-Fwd 
Solar Array Extension-Fwd 
Solar Array 
Solar Array 
Solar Array 
Solar Array/+Y Access Panel 
+Y Access Panel 
Ground Plane 
Ground Plane 
Ground Plane 
-Y Access Panel 
Solar Array Extension-Fwd 

Extension-Fwd 
Extension-Fwd 
Extension-Fwd 

Solar 
Solar 
Solar 
Solar 
Solar 
Solar 

Array 
Array 
Array 
Array 
Array 
Array 

Solar Array/+Y Access 
+Y Access Panel 
Ground Plane 
Ground Plane 
Ground Plane 
-Y Access Panel 
Solar Array Extension 
Solar Array Extension 
Solar Array Extension 
Solar Array Extension 

Panel 

Surface 
Area 
ft2 

.45 

.45 

.45 

.45 
0.65 
0.65 
0.65 
0.65 
1.1 
1.1 
1.1 
1.1 
1.1 
.5 
.6 
.6 
.3 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.85 
1.0 
1.2 
1.2 
0.6 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.94 
0.5 
0.6 
0.6 
0.3 

♦Thermal 
Radiative 
Properties 
 ot/e 

.61/.75 

.61/.75 

.61/.75 

.61/.75 

.8i/.79 

.82/.79 

.82/.79 

.45/.79 

.08/.78 

.20/.86 

.20/.86 

.20/.86 

.20/.86 

.82/.79 

.82/.79 

.82/.79 

.82/.79 

.32/.79 

.82/.79 

.82/.79 

.45/.79 

.08/.78 

.20/.86 

.20/.86 

.20/.86 

.20/.86 

.82/.79 

.82/.79 

.82/.79 

.82/.79 

.74/.79 

.74/.79 

.74/.79 

.41/.79 

.08/.78 

.20/.86 

.20/.86 

.20/.86 

.20/.86 

.82/.79 

.82/.79 

.82/.79 

.82/.79 

**Vehicle 
Orientation 
 ».3 

90.105 
90,135 
90,165 
90,195 
90,105 
90,135 
90,165 
90,195 
90,225 
90,255 
90,285 
90,315 
90,345 
90,105 
90,135 
90,165 
90,187.5 
90,105 
90,135 
90.165 
90,195 
90,225 
90,255 
90,285 
90,315 
90,345 
90,105 
90,135 
90,165 
90.187.5 
90.105 
90.135 
90.165 
90.195 
90.225 
90.255 
90.285 
90.315 
90.345 
90.105 
90.135 
90,165 
90,187.5 
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Node No. 

401 
402 
403 
404 
405 
406 
407 
408 
409 
430 
431 
432 
433 
434 
435 
436 
437 
491 
492 
493 
494 
501 
502 
503 
504 
505 
508 
509 

501-509 
740 
741 
742 
743 
744 
745 
832 
833 
834 
835 

836-843 

836-843 

844 
849 
850 
851 

Surface Description 

Surface 
Area 
ft* 

*Thennal 
Radiative 
Properties 

Solar Array 1.2 .74/.79 
Solar Array 1.2 .74/.79 
Solar Array 1.2 .74/.79 
Solar ArrayZ+Y Access Pa'iel 1.2 .41/.79 
+Y Access Panel 1.3 .08/.78 
Ground Plane 1.3 .20/.86 
Ground Plane 1.3 .20/.86 
Ground Plane 1.3 .20/.86 
-Y Access Panel 1.4 .20/.86 
Aft Bkd Center Ring 1.0 .15/.03 
Aft Bkd +Y 1.6 .20/.86 
Aft Bkd +Y 2.4 .20/.86 
Aft Bkd +Z 1.25 .14/.25 
Aft Bkd +Z 1.8 .14/.25 
Aft Bkd -Y 2.1 .14/.25 
Aft Bkd -Y 1.0 .14/.25 
Aft Bkd - RM20B Closeout 1.65 .20/.86 
Solar Array-Aft Bkd Interface .15 .69/.75 
Solar Array-Aft Bkd Interface .15 .69/.75 
Solar Array-Aft Bkd Interface .15 .69/.75 
Solar Array-Aft Bkd Interface .15 .69/.75 
Solar Array-Aft Skt Extension 1.4 .82/.79 
Solar Array-Aft Skt Extension 1.4 .82/.79 
Solar Array-Aft Skt Extension 1.4 .82/.79 
Solar Array/Aft Skirt 1.4 .45/.79 
Aft Skirt 1.5 .08/.79 
Aft Skirt 1.5 .13/.47 
Aft Skirt 1.6 .13/.47 
Inside Facing Surfaces                 See above       .20/.86 
Fwd Bkd Insulation Center 1.1 .15/.78 
Fwd Bkd Insulation +Y 2.6 .15/.78 
Fwd Bkd Insulation +Y 2.6 .15/.78 
Fwd Bkd Insulation +Z 2.6 .15/.78 
Fwd Bkd Insulation +Z 2.6 .15/.78 
Fwd Bkd Insulation -Y 0.7 .15/.78 
RM20B Scan Mirror Housing Ins 0.4 .08/.78 
RM20B Scan Mirror Housing Ins 0.6 .08/.78 
RM20B Scan Mirror Housing Ins 0.5 .08/.78 
RM20B Scan Mirror Housing Ins 0.6 .08/.78 
RM^OB Telescope Housing Cylinder   ^10 In.Dia..08/.78 
Iisulation Even ID's Face Spacecraft 

RM20B Telescope Housing Cylinder   'v.lO In.Dia. .08/.78 
Insulation Odd ID'b Face Spacecraft 

RM20B Pitch Motor Insul. 0.6 .08/.78 
RM20B Signal Conditioner Ins. 0.5 .08/.78 
RM20B Signal  Conditioner Ins. 0.3 .08/.78 
RM20B Signal Conditioner Ins. 0.3 .08/.78 

►Vehicle 
Orientation 

90.105 
90,135 
90,165 
90,195 
90,225 
90,255 
90,285 
90,315 
90,345 

180,0 
180,0 
180,0 
180,0 
180,0 
180,0 
180,0 
180,0 
90,105 
90,135 
90.165 
90,195 
90,105 
90,135 
90,165 
90,195 
90,225 
90,315 
90,345 

0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

100,0 
190,10 
90,170 
10,10 
NA 

NA 

90,180 
90,0 
0,190 
0.190 
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♦Thermal 
Surface Radiative •♦Vehicle 

7MM Area Properties Orientation 
Node No. Surface Description ft2 

.08/.78 

*,3 
852 RM20B Signal Conditioner Ins. 0.3 0,200 
853 RM20B Signal Conditioner Ins. 0.3 .08/.78 0.10 
854 RM20R Signal Conditioner Ins. 0.3 .08/.78 0,10 
855 RM20b Signal Conditioner Ins. 0.3 .08/.78 0,100 
857 RM20B Signal  Conditioner Ins. 0.5 .08/.78 90,180 
886 RM20B Yoke Insulation 0.6 .08/.78 90.180 
887 RM20B Yoke Insulation 0.6 .08/.78 90,0 
888 RM20B Yoke Insulation 0.6 .08/.78 90.180 
889 RM20B Yoke Insulation 0.6 .08/.78 90,0 

1001 RM2,»B Radiator Sun Shield 0.5 .20/.86 90,180 
1002 RM2^ Radiator Sun Shield 0.4 .20/.86 90,180 
1003 RM20B Radiator Sun Shield 0.4 .20/.86 90,180 
1004 RM20B Radiator Sun Shield 0.5 .20/.86 90,180 
1005 RM20B Radiator Sun Shield 0.8 .20/.86 90,180 
1006 RM20B Radiator Sun Shield 0.6 .20/.86 90,180 
1011 RM20B Radiator Earth Shield 0.7 .20/.86 90.270 
1012 RM20B Radiator Earth Shield 0.7 .20/.86 90.270 
1013 RM20B Radiator Ea^ch Shield 0.7 .20/.86 90.270 
1014 RM20B Radiator Earth Shield 0.7 .20/.86 90.270 
1015 RM20B Radiator Earth Shield 1.1 .20/.86 90.270 
1016 RM20B Radiator Earth Shield 1.3 .20/.86 90.270 
2001 RM20A Optical Assembly (2 parts) 3.6 .07/.80 0.37.1(83) 
2002 RM20A Optical Assembly 2.5 .07/.80 0.127 
2003 RM20A Optical Assembly 1.1 .07/.80 0,217 
2004 RM20A Optical Assembly 1.7 .07/.80 90,0 
2005 RM20A Optical  Assembly 1.7 .07/.80 90.180 
2006 RM20A Sun Shade 2.6 .07/.80 0.37.1 
2007 RM20A Sun Shade 2.6 .07/.80 0.205 
2008 RM20A Sun Shade 2.0 .07/.80 90.0 
2009 RM20A Sun Shade 2.0 .07/.80 90,180 
2011 RM20A Scan Mirror Drive 0.6 .35/.80 NA 
2012 RM20A Electronics 0.6 .35/.80 NA 
2013 RM20A Signal Processing Unit 0.5 .15/.05 0.127.1 
2014 RM20A Signal  Processing Unit 0.7 .15/ 0,217.1 
2015 RM20A Signal Processing Unit 0.6 .22/ 90,180 
2016 RN20A Signal Processing Unit 0.6 .15/ 90,0 
2017 RM20A Signal Processing Unit 2.2 .16/ 0,307.1 
2018 RM20A Azimuth Column 2.9 .30/ NA 
2019 RM20A Azimuth Momentum Wheel 0.6 .15/ NA 
2020 RM20A Servo Motor (Bottom) 1.1 .10/ 0,250 
2021 RM20A Servo Motor 1.0 .15/     . NA 
2022 RM20A Radiator Support Arm 3.3 .17/ NA 
2023 RM20A Radiator (Insul. Side) 12.5 .17/ 90.220 
2031 RM20A Support Structure Insul. 0.9 .13 102,90 
2032 RM20A Support Structure Insul. 0.8 .13 102,90 
2033 RM20A Support Structure Insul. 0.5 .13 102,90 

ID 
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7MM 
Node No. Surface Description 

2037 RM20A Support 
2038 RM20A Support 
2039 RM20A Support 
2040 RM20A Support 
2041 RM20A Support 

Structure Insul 
Structure Insul, 
Structure Insul, 
Stiticture Insul. 
Structure Insul. 

Surface 
Area 
ft2 

1.0 
1.6 
0.6 
0.4 
2.2 

•Thermal 
Radiative 
Properties 

o/e 

.13 

.13 

.13 

.13 

.13 

♦♦Vehicle 
Orientation 
 kß_  

105,295 
105,295 
101,222 
101,222 
101,222 

♦ a defined as percent of incident solar energy absorbed by surface 
e defined as total hemispherical emissivity 

*♦ Vehicle orientation $, ß are two rotations in vehicle coordinate system 

rl^HVi^ +Ü and :l aXeS' Which def1ne su^ce orien?at?on; y     ^ i.e., Fwd Bulkhead ^ = o0, ß = 0°. +Y axis ♦ = 90°, ß = 180°. 
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THERMAL MATH MODEL UPDATE 

As required per the SOW,  the Thermal Math Model was updated to Include 
major RM-20A and RM-20B surfaces.    Figures 4 and 5 show the nodal patterns 
for the payload TMM's respectively.    A listing of  these nodes  Including 
surface area,  thermal radiative properties  (a,e)   and surface orientation with 
respect to the spacecraft coordinate system,  is  included in Table 1. 

RM-20A nodes  accounted  for in the TMM include major sensor and sunshade 
surfaces,  the radiator,  and support structure  insulation surfaces.    Internal 
conduction paths are not  accounted  for as  these  surfaces  are primarily depen- 
dent on environmental heating and radiation to the spacecraft and space. 
The TMM listing.  Appendix D,   includes  the RM-20A surfaces   (conductor ID's 
7XXX-8XXX and node no's 20XX). 

RM-20B nodes  accounted  for in  the TMM include  the sensor and  the radiator 
sun and earth  shields.     Radiation  interchange  between  the RM-20B sensor sur- 
faces and the spacecraft bulkhead and skirt was  included.    A special radiosity 
network was developed  for use with the General  Thermal Analyzer  to account   for 
reflected solar energy   (assumed diffusely reflected)   in this  aft bulkhtad 
cavity area.     Results  showed  that  surfaces which  are shadowed from direct 
solar radiation absorb  some solar energy reflected  from other surfaces.     The 
TMM listing,  Appendix D,   includes  the RM-20B  suriaces   (conductor  ID's 4XXX 
and node no's.  8XX). 

THERMAL MATH MJDEL  STATUS 

The TMM which  is  listed  in Appeno'.x D,   when  combined with  the Rockwell 
General  Thermal Analyzer Computer program is  designed  to produce detailed 
P72-2 Spacecraft and Payload surface temperature  predictions  as a function of 
launch date, orbit  parameters and  time in orbit   (both steady state and trans- 
ient values  can be  generated) . 

12 
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APPENDIX A 

1/10 SCALE MODEL P72-2 S/C & PAYLOAD SURFACE MATtRIALS 

The 1/10 scale model P72-2 spacecraft and payloads have been covered with 
the same surface materials used on the actual spacecraft and associated pay- 
loads.  The attached tabulation sheet idcr.tifies each material by name, 
manufacturer and includes general values of a and e. 

In several instances, a covering material substitution has been made by 
applying a thinner sheet material (0.002" vs 0.005") but the reflective 
aluminum coating is identical and therefore the reflective signature is 
unchanged. 

In addition, pictorial represstations of the model (6 sheets) are 
included to indicate all external surface areas and covering material iden- 
tification. 

The first figure (page 17) describes the shipping container, its contents 
method of rtuoval, etc.  Sheet 1 through 6 describe the S/C and payload surfaces 
with call out numbers (Manufacturers ID's) which are tabulated on page 16, pro- 
viding material name, values of a and e. 

Sheet number 7 is a supplier generated spectral plot of solar cell reflec- 
tance and sheet 8 is a specification for the second surface quartz mirrors, 
supplied and installed on the model by LMSC. 

15 



■"I 

2 

\ 

Q 

in 

 1 

1 
| > o no O              r-          -» o m <t       o        o 
«i 00 00 oo             >o         -» 00 o ON               7»                 ON 

•                  •                     * 
ka 

• 
o 

• 
O 

•                            •                    • 
O                O           O d d o       o        o 

1 
1 o 1 

oo 
1 III i i ri      K 4 

u r^ 00 r*.            kO         ^ r>« O oo 30              00 

o • 
o 

• 
o 

•              •           • 
o          o       o 

• 
o 

• 
o 

• 
o 

• • 
3 

z o 
M 
H 

W5 < i 9 
3 o 1 
> § m <» o « ^      » en o\ »n r». 

00 vO H H rH            -1 H ^         KN o» 

S • 
o 

• 
o d • 

O 
•                            • 

O         3 
■                         1 

• 
o 

1 

• 
o 

1 

• 
o 
3 

• 
o 

1 

1 

o o en 
1 uk O O          I 1 

o 
1 

00 .n 
M z oo vO o H H         H fH rH            CM ao 
O M 

g 3 

• 
o 

• 
o 

• 
o 

• 
o 

•           • 
O         O      ■ 

• 
o 

• 
o 

• 
o 

• 
o 

« 
u 
z 
H> 1 

± a 
Pi z 

sB E-l en H H 

(A 
oo 

r. 00 o 
o 

z o 
u m i 

| P 
^ S00 PL. 

o *J *i •J J •J 
l-H   PH 
PH ^ ^O 

H Z 
Id O 

H 5 5 W O 
2 oc 

u 
en 

H 
Cd 

Px H H 0- o a o o o Q O Q O o o 52 je H ^ rf H 
M H M W <r -J o ►J o J O J o J o 1 < o M 

< 4k DC iH W O^ Ui  «M U 00 u o. u o X     • M <n HJ »» 1 b g U  X •n <-( g o n (M a o n IH b u Pi «a 
M « H Q X o X o ■ o = o 

tn o 

aä uj H    • 1 d 
m z 

■ 
en I M 

O 
U 

M   M 
to U 

0 <r 
Ui o W3 3 

O Pu 
z w 

M  O 
M Z 

Q 
W 
H kJ a Q a 

M M ^ UJ M u H H £ H »J H to H !-) J Z Z 
O Oö M W M o t-H M Q M M 

z 
H 

vO u (/) Z M 0« LO z Oä u ■< «; 
u o o O w o H z Pu P* 

H S8 z a, u 0* a K ^H Z M 

< M w z M u ^^ o H •-I •j 

O 
0 

M s 
o 

Q   M a 5g 
p M 

Q 

X z u 
0 

o 
Q 

9 
H 

j u p u 5 U   W5 ^1 t> *£ Z z 
J 5z 5 H P~i <  U ^i IS y -J O o 

od 

LA
R
 

C
E

; 
«I

C
R

Ü
S1

 
C

0A
T

1 lj U   M u > s u ä o o o 
t_, _] •<   W) < tu *«• ^ < 

^5 
M pc 

z u > o > > z <«: > X H .—J t-i 

5 u — du ^ i-t o *^^ K H Z 2 <u 
u gs^ Z  V5 EJ^ z 

o 
Q ■« 
B O 

O 
C s 2 

J o J           M C a 
U  _) EJ H C M B 9 

3 (/) Q tt z U4  £  M H  >- M   »- 5 «-j X 9 
y ■iw M W  5  Ul u < eä u M   p « H H 
fp HB| 

c- •< < 

H cu  U H o > O jr 
V o w *J O LJJ   < 0-   0 ■ ex M Cd 

B U H C J DM    M u. ~. CU u C o M u H 
M _) 2 
iJ   M  < 

u uJ  > U J r B 5 Q  < z    . X •^ >-i 

CJ U,         U u- >- -: r: "N, M  U H M s M   (X PC   M fid a z z y s !          Z 03 
(A    1   U 9 ►J   UJ   J -1 c- S H J H 5 c : u H Ui 

id £ 2SS M   < i i-1 3S 3 t ■  H !2 H h H 
a, 3 >- J 8 in s U C L       ►-(     < H-l •< < 
Z « v 

o M   U 
in w < 0.5 o < m 3 > a 

1      , 

i  x a 
<  5 v 

^ 
s E 

16 



—"" 

2 

Q. 
1/1 

rvj 
i 

rvj 

Q- 

Q 
O 

o 
I/O 

I o 

D 
Q 
UJ 
O 
O 
OC 
c 
_l 
< 
> 
o 
UJ 
oc 

12 
o 
5 
c 

u 

m 
D 

i 
01 

c 
3 

s 

a 
XI 

j 
E 
E 
o 

5    5?^ 

OJ 

c 
«5 

c 
D 

■o - 
■—   <u 

I I 
h c 
> o 

■J* 
-o 
o 

■o 

«S C. 

—    in £ to o     5 — a     i 
X   O» 

I s li 
ä $ O    H 

I« 
■ E 
i 9 

■q S E 
m 

8 
u 

> 
Hi 

11 

•-       CM 

E 
cr IS i - 

o 1 
L 

L 

*M 
CM 

a. «s M 
o> !£ X HI 
x^ = 
♦-  C TJ 
c © c 
0)       io 
** ^-x 
^feg 
♦-   O £ m 

ho
u 

d
h

a
 

im
es

 

k-   c ^           1 
V   ID —             1 .£ LI 
10   t- •-   « c u u c 

o II 
is 

Z 
c 1 

O I E 

< III 
U EöE 

1 / 

17 

- 





    

9i 

> < 
3"- 

D 

K 

fT' -^■ .;)/.' "■ V' VV.'-XtV'!-.---';.;-'" 

■;;••■';:■;•..••. :/> -.v-,/.■•:•. ■;:.•:.• 
■    - .   '",   1 -   ;--   •     ,'  S-.A 

.■/-v.-,;-' ■-..-'-•-;.(;:.-.:.-.¥.V;M: I!>•%>;♦ 
•;.■■/,.-; '/.-'•■'v.. ^: ;-;'.■..■>.;;■!■.;.•■'-^ 

.*",-..■.-■. 1  -■ ■ ■'.■■.'■•■.■:'    -..'n  ■■•-,■;-.'.'• ■ 
>',->-■; ■-';•>;•. ■•■/■-:--,;::: ■.■•■■■-■■ 

t..   ■   •!/     '-1:--    4*^ 
I•:■.•>. y.;;;.:.:....--.',^/;;;;-;•;;:../;;;v 
L /■ ■  ■ -.- •      ' ■   .•••.!-•   ■ '■. ,'.- ■.::•■■. 
I-'-''i ".".'■ '.'•.-' ■ .'■ .-■..'.-"•.,  .•■•'• .'i..' 

fev.v:äv;,';;','-->.^ •.-^•■:--.; ;^;;:V-.-. R«/..».«.*',.' ■   -.    ■-■ -V. .■;•'■;.■...'.•> 
k>.,.J'::-Vr,':«>ä 

dMiM 

CD 

CM 

h 
w 
w 
B 
(S) 

19 

_—. 



-' ■  

I 

o K 
UJ < 

CD UJ 

i< 2 u. 
OCQ: 

5 

H 

t/l 

20 

 ■  J 



wpw»^ww^ww»»ww«»r^w«»wi 

er 
UJ 

< 

iu 
O 
< 
u. 
cc 

CO 

a 
< 
Ui 
I 

-I 
D 
CO 

M 
to 

UJ 

Z ^ 
UJ O 
l-UJ 

a. < 
üZ 
^^ < UJ 
V) k- 
OLi 

21 



o z 
< 
cc <: ai — 
>0C 
O UJ 

9< < u. 
C OC 
ffiD Is 

22 



I   .» ■■• 

X UJ — 

ta>< 

sis 
u QC u- 
cc<a: 

Hi ± (0 

23 

_• 





1^" "• 1 " ■ —— 

1 

SECOND SURFACE QUARTZ MIRROR 

INSTALLATION REQUIREMENTS 

Supply and install OSR's (second surface quartz mirrors) on 
model (RM-20A).  Butt-joint with tolerance compatible with 
Rood workmanship. Use full size OSR's and trim as required 
to maintain edge geometry.  Installed elements shall maintain 
bond integrity when exposed to normal laboratory atmosphere 
and exposure to direct or etmulated sunlight. 

Supplier:  Lockheed Missile and Space Company 
Palo Alto, California 

25 
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APPENDIX B 

SUN ANGLE DYNAMICS 

The attached figure was supplied to Lockheed Missile & Space Go    6/8/7A 
to permit determination of representative orientation of the model spacecraft 

envi^n^t? 80U^Ce,  ""^^ ^^  t0 8imulate ori,ital 8e°«try in a laboratory 

A study of the numerical  table will aid in interpretation of the Sun Angle 
Dynamics Graph,     Basically,  the shaded circular segment represents  the envelope 
of  the sun's path and Interception with the earth horizon portrays  the eclipse 
region.     The "figure 8" traces permit determination of maximum and minimum sun 
incidence angles as well as approximate date. 
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APPENDIX C 

P72-2 ORBIT TRACE 

Orbit trace data for a typical operational situation over two selected 
ground was supplied to Lockheed Missile & Space Co. as documented in this 
report. The trajectory data for the P72-2 mission represents one orbital pass 
over Maui on the 39th day of the missim. 

Trajectory data for the P72-2 mission has buen generated assuming the 
conditions tabulated below and predicts various angular relations between the 
spacecraft, sun and tracking station as indicated in the following portions of 
this report and attached .ata sheets. 

DATA INt-UT CONDITIONS 

Launch Date - August 7, 197A 

Date of Required Orbit - September 15, 1974 

Node Location - 10 West of Dusk Terminator 

Inclination - 98.36° 

Altitude - 400 n.mi. 

This data does not reflect the actual launch date but is accurate for the 
conditions stated above and portrays the format of future data generation. 

GROUND STATIONS 

White Sands Lat 32° 25m. 4s North - Long 106° 19m. ISs 
West - Station ill 

Maui Lat 2C 
Station #2 
Maui Lat 20° 42m. 30s North - Long 203° 44m. 31s East - 

The orbit is assumed to begin directly over the launch site at WTR. This 
assumption contributes error to the geographic prediction of any subsequent 
orbital pass; but the error is not cumulative, and is less significant than 
injection error at launch. More precise data can be obtained, when necessary, 
using the Atlas F launch trajectory. 

The initial conditions refer to the descending node previous to the Maui 
pass.  The printout begins at that point and continues to the next descending 
node.  The plotted ground traces being at the ascending node preceding the pass 
over Maui. 

The computer printout (Enclosure 1) provides, at one-minute intervals, 
the following data (Reference Figure 1). Angles are in degrees, and distances 
are in nautical miles. The columns of interest are identified with asterisks 
(*) for convenience. 
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m1         

1. Sun Azimuth (SUN AZ) - The azimuth of the Sun, as measured clockwise 
from the direction of S/C motion, in the horizontal plane. 

2. Sun Elevation (SUN ELEV) - The elevation angle of the Sun from the 

horizontal plai.e at the S/C. 

3. Sun/Orbit Plane Angle (SUN/ORB. PL ANGLE) - The angle between the 
line-of-sight to the sun from the S/C and the orbit plane. 

4. Pitch Angle to the Sun (PITCH ANGLE SUN SEEK, PNL) - The pitch angle, 
up from the horizontal, to the plane in which the Sun/Orbit Plane 

Aitgle is measured. 

The true azimuth (AZ), slant range (SL.R.) and angular elevation (ELEV) of 
the S/C as seen from each of the tracking stations is also shown in the print- 
out. When the elevation angle is greater than the minimum visible from the 
station, the S/C is in view. The minimum nu^ wry from 5  to 30 depending 
upon the terrain, facilities, and atmospheric conditions.  This particular 
orbit shows view times at Maui from about 4 to 10.5 minutes. However, the 
location of the orbit cannot be predicted precisely before the actual launch. 

The orbital pass for which the data rfas developed occurs 39 days ifter 
launch. The geographic location of the orbit after such a period is very 
sensitive to the values of the orbital radius and incllnat'.on. All sun- 
synchronous orbits have different nodal rates along the equator. 

The tolerance on altitude and inclination for the i^. ision will no doubt 
allow .i large variation (as high as 25°) in the location of any node on the 
39th day.  The satellite will have made about 564 orbital passes in that time. 
Thus, a difference of only 0.044° in the spacing between orbits would create 
a 25 accumulated longitudinal displacement after 39 days. This phenomenon 
affects only the visibility of the satellite from the ground stations, not the 

sun angles. 

A polar plot of the P72-2 trajectory has been constructed and the visi- 
bility envelopes from Maui and White Sands have been plotted on a polar map 
of the earth.  For any given position of the orbit node on the equator, the 
viewing time at each station can be easily seen.  The orbit which corresponds 
to the computed trajectory is shown in Figure 2 with 3 minute intervals. 
Figure 3 is a computer-drawn linear cartesian plot of the same orbit, also 
with 3 minute intervals.  The latitude-longitude history is tabulated in 
columns 2 and 3 of the printout (LAT, LONG) under SATELLITE POSITION FROM 

STATIONS. 

o 
The  inertial location of the orbit nodes moves eastward at about 0.9856 / 

day which is  the earth's mean orbital rate about the sun.     The right ascension 
and longitude of  the ascending node during the  illustrated orbital pass  is 
included in the printout   (NODE RT ASC,  and NODE LONG). 

(This data is  typical but does not represent the actual P72-2 launch date 
which is unknown at present.) 
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MISSION 
of 

Rome Air Development Center 

RADC is the principal AFSC organization charged with 
planning and executing the USAr exploratory and advanced 
development programs for information sciences,  intelli- 
gence,  command, control ancf communications technoiogy, 
products and services oriented to the needs of the USAF. 
Primary RADC mission areas are communications, electro- 
magvatic guidance and control, surveillance of ground 
and aerospace objects, intelligence data collection and 
handling,  information system technology, and electronic 
reliability, maintainability and compatibility.    RADC 
has  aission responsibility as assigned by AFSC for de- 
monstration and acquisition of selected subsystems and 
systems in the intelligence, mapping,  charting, command, 
control and communications areas. 
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